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Electrooptical liquid crystal switching element 



invention relates to an electrooptical liquid crystal 
switchinq element, comprisinq a liquid crystal layer and a 
reorientation means for reorientinq the liquid crystal layer 
into a current orientation in which the electrooptical 
5" switchinq element has a different liqht transmission^ the 
reorientation means comprisinq a f ield-qeneratinq structure 
for qeneratinq an electric field effectinq the reorientation 
and the electric field of the f ield-qeneratinq structure 
havinq a field component oriented predominantly in parallel 
\s with the liquid crystal layerV 

An electrooptical liquid crystal switchinq element lof the 
above-mentioned kind is known from US-A-3 854 751. In this 
liquid crystal switchinq element two electric fields are 
qenerated by the f ield-qeneratinq structure, one of which has 
a field component oriented predominantly in parallel with the 
liquid crystal layer, while the other has a field component 
oriented predominantly perpendicularly to the liquid crystal 
layer, the liquid crystal beinq connected with one electric 
field to the condition of minimum liqht transmission and with 
the other electric field to the condition of maximum liqht 
transmission by orientinq the optical axis of the liquid 
crystal throuqh one electric field perpendicularly to the 
liquid crystal layer and throuqh the other electric field in 
parallel with the liquid crystal layer. In those cases in 
Q^-' which compensated Sro^^^^c^^jS^ * liquid crystals are used which 
• m the absence of electric fields orient spontaneously in 
such a way that their optical axis is oriented 
perpendicularly to the liquid crystal layer, one electric 
field is optionally dispensed with althouqh accordinq to US- 
A-3 854 751 it is to be preferred in these cases as well to 
use both fields because the inherent orientation period of 
the self-orientinq liquid crystals is relatively lonq and 
thus very unfavorable. 

DE 24 59 533 Al and DE 23 58 581 B2 also disclose 
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electrooptical liquid crystal switching elements having a 
reorientation means with a field-generating structure whose 
electric field has a field component oriented predominantly 
in parallel with the liquid crystal layer • However^ similar 
to the liquid crystal switching element according to US-A-2 
[-854 751 two electric fields perpendicular to each other are 
generated in the liquid crystal switching element according 
to DE 23 28 581 B2 to orient the optical axis of the liquid 
crystal in two orientations extending perpendicularly to each 
other, one of which orientations extends in parallel with and 
the other extends perpendicularly to the liquid crystal 
layer. This kindc^_reorientation of the optical axis of the 
\^ liquid crystalJjr^akes 'q1 s k> * place in the liquid crystal 
switching element according to DE 24 59 533 Al, the 
compulsory orientation of the optical axis of the liquid 
crystal taking place perpendicularly to the liquid crystal 
layer by means of homeotropic boundary orientation of the 
liquid crystal, . 

Finally, WO 84/04601 discloses with respect to a liquid 
yO crystal.^ a comb-like field-generating structure whose field 
has a field component oriented predominantly in parallel with 
the liquid crystal layer. However, the means according to 
this citation is an optical guide in which the coupling-out 
of light is controlled by a change of the effective 
refractive index of the nucleus consisting of the liquid 
crystal or the cover formed by the liquid crystal by means of 
the field-generating structure. 

Furthermore, JP 1-33521 (A) in Pat. Abstr. Jap. P^875, May 
>^\ 23, 1989, Vol. 13, No. 219, discloses ;to ^ ffl^^rS f W j^ectrodes 
m parallel planes, however, for the purpose of generating a 
storing scattering condition in an optical liquid crystal 
modulator. 

In addition JP 1-179912 (A) in Pat. Abstr. Jap. P 946, Oct. 
;;j^l8, 1989, Vol. 13, No. 460, and JP 1-161217 (A) in Pat. 
''^^^;?U)str . Jap. P-936, Sep. 25, 1989, Vol. 13, No. 428, describe 



liquid crystal indicating element components serving for 
improving the blocking state of a display, twisted liquid 
crystals having a certain orientation being used. Besides JP 
1-44422 (A) in Pat. Abstr. Jap. P-880, June 7, 1989, Vol. 13, 
No. 242, describes a liquid crystal indicating element in 
which the nematic liquid crystal has an orientation with a 
pretilt angle of 20* to 30*. However, this is a conventional 
liquid crystal structure in which the optical axis of the 
liquid crystal can be switched between a direction parallel 
with and perpendicular to the liquid crystal layer by 
applying an electric field. 

Finally, GB 1 506 570 and JP 54-17756 (A) in Pat. Abstr. Jap. 
E-101, Mar. 30, 1979, Vol. 3, No. 38, discloses liquid 
crystal indicators having an optical compensator or reflector 
as well as dichroic dyes. 

Further known electrooptical liquid crystal switching 
elements are described e.g. by M. Schadt and F. Leenhouts in 
"Appl. Phys. Lett.", Vol. 50, pages 236 et seq. (1987), as 
well as by T.J. Scheffer and J. Nehring in "J. Appl. Phys.", 
Vol. 58 pages 3022 et seq. ( 1985 ), furthermore by L. Phi., G. 
Weber, R. Eidenschink, G. Baur and W. Fehrenbach in "Appl. 
Phys. Lett.", Vol. 38, pages 497 et seq. (1981) and by M. 
Schadt and W. Helfrich in "Appl. Phys. Lett.", Vol. 18, pages 
127 et seq. (1971) . 

Electrooptical liquid crystal switching elements are used 
particularly in liquid crystal display means, such as display 
screens of TV sets, computers, distributing centers and other 
facilities, installations or the like for changing the image 
spots of this liquid crystal display means, i.e. for changing 
the brightness and/or color of an image spot. 

In the case of the formerly known and presently commercially 
available liquid crystal display means, which are also 
referred to as liquid crystal displays, the observation or 
iewing angle range, i.e. the angle range from which an image 
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generated by means of the liquid crystal display means can be 
seen without essential optical misrepresentation, is 
restricted considerably because the contrast of the image 
^ depends on the viewing angle, jto a considerably strong extent/. 


(Ks is shown byj^^ enclosed investigation results, | this 
dependence of the contrast of the known liquid ~crystal 
display means on the angle is due to the former reorientation 
of the optical axis of the liquid crystal layer between an 
orientation in parallel with the liquid crystal layer and an 
orientation perpendicular to the liquid crystal layer. The 
investigations conducted within the scope of the present 
inv-ention s^^!¥^^^=^^^eterm±ii4flg^ it is the deformation 

of the liquid crystal effected by such a reorientation which 
results in a very marked dependence of the transmission of 
the liquid crystal switching element, and thus the contrast, 
\ r on thevanq^e. 

Due to the present invention it has now been found that the 
dependence of the transmission, and thus the contrast, on the 
anglejlJ^^is largely eliminated in an electrooptical liquid 
crystal switching element of the kind mentioned at the 
beginning, particularly one having^ non-ferroelectric liquid 
crystal, when the electrooptical liquid crystal switching 
element is developed according to the invention in such a way 
that 


(a) the liquid crystal has a twis table structure and the 
amount of light transmission through the liquid crystal 
depends on its degree of twist; 


(b) the liquid crystal is anchored in an alignment in the 
initial state in which it is in the untwisted or twisted 
-j-.c state and its twisting axis remains jS^^ei^^iffai^t^i^ or 
substantially ^egg tencfi"e^ ■ to the liquid crystal 

layer; and 


^\(c) the field component of the reorientation means oriented 
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predominantly in parallel with the liquid crystal layer 
can be varied in such a way that, for adjusting 
different light transmission degrees / the degree of 
twist of the liquid crystal is thereby changed by 
twisting the optical axis thereof in parallel or 
substantially in parallel with the liquid crystal layer. 

In this way, the disadvantageous deformation of the liquid 
crystal effected by the former reorientation is largely 
eliminated and the transmission and contrast become 
^^y/ essentially independent of the^anglB. 

The indication that the twisting axis remains "substantially" 
\y perpendicular^^^ to the liquid crystal layer and that the 
optical axis is twisted "substantially" in parallel with the 
liquid crystal layer is to mean that a certain pretilt angle 
' <Xq between and 30' may be provided which is included by 
the alignment in the initial state of the liquid crystal 
layer at least on its layer side of the liquid crystal, layer 
facing the field-generating structure and a plane in parallel 
with the liquid crystal layer. Here, the. term alignment, in 
the initial state of the liquid crystal layer is understood 
to mean the preferred direction of the -i BOloouT o axes of the 
liquid crystal in the alignment in. the initial state of the 
liquid crystal layer. 

The liquid crystal switching element according to the 
invention is preferably developed in such a way that the 
field component of . the reorientation means oriented 
predominantly in parallel with the liquid crystal layer can 
be varied such that the twisting degree of the liquid crystal 
is changed continuously or stepwise for the continuous or 
'Stepwise adjustment of varying light transmission degrees in 
the range between essentially maximum and minimum light 
transmission. 

^^-tTTttt-^/ X As shown by the enclosed investigation, results regarding the 
^ ^^Jdependence of the transmission on the-, angxe in the case of 
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liquid crystal switching elements according to the inventj.on, 
the transmission dee^^^Luiuar ^p SpfiS^e'il^ u bSSS angle 

J-n the case^' of the liquid crystal ~ switching elements^ 
(according to the invention as compared to the known liquid 
crystal switching elements,^ 

The electric field having the field component oriented 

predominantly in parallel with the liquid crystal layer can 

be obtained jSn that field-generating structure comprises 

A 

strip or line-type electrodes which extend in parallel with 
one another and in parallel with the liquid crystal layer and 
to which a different electric potential is applied 
alternately. 


Preferred ©ew©3r^^eBK9- of such a field-generating structure 
are developed in such a way that 


(a) the strip or line-type electrodes . are arranged 
alternately in at least two planes in parallel with the 
liquid crystal layer, wherein the two planes may be 
formed particularly by the two opposite surfaces of an 
insulating sheet, thin plate, layer or the like; or 

(b) the strip or line-type electrodes to which a different 
potential has been applied are arranged in the same 
plane in a comb-like engagement, wherein this plane can 
be formed particularly by the surface, facing the liquid 
crystal layer, of a substrate confining the liquid 
crystal layer or an insulating sheet, thin plate, layer 
or the like applied on such a substrate. 

A further development of the electrooptical liquid crystal 
switching element according to the, invention distinguishes 
itself in that the field component oriented predominantly in 
parallel with the liquid crystal layer forms an angle of 
orientation which is greater than 0* and less than 90* with 
the preferred direction which the liquid crystal layer has on 
its layer side facing the field-generating structure in its 


- 7 - 


alignment in the ^itial state. In this way, domain formation 
irS pr e ventGd - b^^^if f erent rotation sense of^^a^^ag^t liquid 
crystal switching elements or element areag^, on the one hand, 
and short switching periods are achieved, on the other hand, 
since a clearly oriented initial torque of sufficient 
quantity results when the electric field is switched on due 
to the acute angle existing between the field component 
extending predominantly in parallel with the liquid crystal 
layer and the alignment in' the initial state of the liquid 
crystal layer on its layer side facing the field-generating 
structure. The sense of rotation is given by this torque and 
thus the liquid crystal switching element is switched within 
the shortest possible period. 

This liquid crystal switching element is preferably developed 
in such a way "that 

(a) ^;^the angle of orientation is- greater than 70' and less 
than 90' when the dielectric anisotropy of the liquid 
crystal is positive or that 

(b) the liquid crystal has a negative dielectric anisotropy, 
the angle of orientation being less than 20' and greater 
than 0 ' . 


When liquid crystal materials having positive dielectric 
anisotropy are used, a torque is induced which rotates the 
preferred direction (director) of the liquid crystal in the 
direction of the electric field, while when liquid crystal 
materials having negative dielectric anisotropy are used a 
torque is induced which rotates the preferred direction 
(director) in a plane perpendicular to the direction of the 
electric field. As outlined above, the angle of orientation 
should not be less than l70M in the case of positive 4^ and 
not greater than I20'j in the case of negative AC, in regard 
of the electrooptical characteristics and switching times. 

liquid crystal material, particularly a non-ferroelectric 
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liquid crystal material, of negative dielectric anisotropy/3£. 
is particularly preferred in the liquid crystal switching 
element according to the invention, since another kind of 
domain formation can be eliminated by this when, in addition 
to the component oriented in parallel with the liquid crystal 
layer, the electric- field also has a component oriented 
perpendicularly thereto, which is usually the case in 
practice. For example, such a case is given when the electric 
field, as occurs preferably, is generated by strip or line- 
type electrodes, since then a component also effective in the 
case of high fields is also present perpendicular^}^5^ to the . 
liquid crystal layer together with the component extending in 
parallel with or almost in parallel with the liquid crystal 
layer. In the case of liquid crystal materials having 
positive -AC this results in a reorientation of the liquid 
crystal in the case of high fields, in which the preferred 
direction is turned out of the plane of the liquid crystal 
layer. This is accompanied by domain f ormatiqiji-^aad- undesired 
in many cases, so that only the lower range of the 
electrooptical characteristic becomes usable. In the case of 
materials having a negative Aljthis field component induces a 
torque rotating the preferred direction of the liquid crystal 
in the plane of the liquid crystal layer. The above-described 
reorientation is thus prevented, and a considerably greater 
portion of the electrooptical characteristic becomes usable. 

Another important further development of the liquid crystal 
switching elements according to the invention distinguishes 
itself in that, at least on its layer side facing the field- 
generating structure, the alignment in the initial state of 
the liquid crystal layer includes a pretilt angle greater 
than 0* and less than 30* with a plane in parallel with the 
liquid crystal layer. 

This serves for obtaining a favorable def ormability of the 
liquid crystal when the electric field is applied directly 
adjacent to the anchoring layer for the liquid crystal. 
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With respect to the alignment in the initial state of the 
liquid crystal it is preferred that 

(a) the liquid crystal has an untwisted structure in its 
alignment ^in tjje initial state and can be ' reoriented 
into a ^ gw^cS odS structure by the field component oriented 
predominantly in parallel with the liquid crystal layer, 
in which structure the axis of twist is perpendicular to 
the liquid crystal layer, or that 


-fewarsllHCr^ st 


(b) the liquid crystal has a -fewarslrHCT' structure in its 
alignment in the initial state whose axis of twist is 
perpendicular to the liquid crystal layer and which can 
be detwisted by the field component oriented 
predominantly in parallel with the liquid crystal layer. 

The other fundamental design of the liquid crystal switching 
elements is preferably developed in such a way that 

(1) a polarizer is provided on one side of the liquid 
crystal layer to operate the electrooptical liquid 
crystal switching element in the direct-light mode and 
an analyzer is provided on the other side; or that 

(2) for operating the electrooptical liquid crystal 
switching element in the reflection mode a 
polarizer/analyzer is provided on one side of the liquid 
crystal layer and a reflector is provided on the other 
side. 


In this case, a birefringent optical compensator can be 
provided between the liquid crystal layer and the polarizer. 
When a separate analyzer is provided as in the former case, 
the optical compensator can also be provided between the 
liquid crystal layer and the analyzer instead. 


In particular, the liquid crystal layer may contain a 
jdichroic dye, and a polarizer can be provided on at least one 
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side thereof; 

Preferably, the liquid crystal switching element is further 
developed in such a way that its light transmission has its 
maximum or minimum amount in the alignment in the initial 
state of the liquid crystal layer and can be varied up to its 
other extreme -value in reoriented states of the liquid 
crystal layer. 

It is especially preferred to use the liquid crystal 
switching element according to the invention for varying the 
brightness . and/or color of an image spot of an electrooptical 
display mean's, the latter being preferably a display screen. 
The liquid crystal switching elements of the electrooptical 
display means can be controlled particularly by a transistor 
matrix or by a direct driver means according to the time 
multiplex method. 

The above as well as further advantages and features of the 
invention are to be explained in more detail below by means 
of preferred embodiments of electrooptical liquid crystal 
switching elements according to the invention with reference 
to Figs* l l ^€0 7 of tho dravringr - Insofar as they relate to the 
design of preferred embodiments of electrooptical liquid 
crystal switching elements according to the invention, these 
figures are not true to scale intentionally for reasons of 
illustration. 


Fig, 1 shows a partial section through an embodiment of an 
electrooptical liquid crystal switching element 
y:^. according to the invention/ which preferably forms 
an image spot of an electrdbptical display means in 
that it controls the brightness and/or color of 
this image spot, so that the display screen of an 
electrooptical display means comprises a plurality 
of such liquid crystal switching elements 
^^^^ integrated in a two-dimensional matrix arrangement; 


# 
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Fig. 2 shows a perspective view of an embodiment of an 
electrooptical liquid crystal switching element 
according to the invention fpr direct- light modq^ 
^Vjthe individual portions ^^/C^shown in the exploded 
view, apart from the liquid crystal layer only 
outlined by orientation arrows:/ 

^ shows a perspective view of an embodiment of an 
electrooptical liquid crystal switching element 
(l according to the invention for reflection mode> the 
individual portions being also illustrated in the 
exploded view, apart from the liquid crystal layer 
only outlined by orientation arrows; 

Fig, 4 shows a perspective view of another embodiment 
according to the invention; 

Fig. 5 shows a diagram of the pretilt angle which is 

preferably included by the alignment in the initial 
state of the liquid crystal layer and a plane in 
parallel with the liquid crystal layer,, as well as 
the orientation angle which is formed by the 

field component, oriented predominantly in parallel 
with the liquid crystal layer;, of the electric 
field reorienting the liquid crystal together with 
the alignment in the initial state which the liquid 
crystal layer has on its layer side facing the 
: Cf ield-generating structured; 

Fig. 6 j shows a curve determined by means of experiments , 
* which! shows the transmission of the perpendicularly 
incident light as a function of the applied voltage 
in the case of a typical embodiment of an 
electrooptical liquid crystal switching element 
according to the invention; 


7 shows the values for the transmission determined by 
means of calculation in the case of a typical 
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embodiment of an electrooptical liquid crystal 
7^ switching element according to the invention, which 
show that the dependence of the transmission, and 
thus the contrast, on the angle is largely 
eliminated in the case of an electrooptical liquid 
crystal switching element; and 

Fig. 8 T shows \i;e transmission values determined by means 
^ of calculation itr — ^■tetLe_— case a known 


yy electrooptical liquid crystal^ switching element, 

C/ ^jj\\f^t. i-g — Galled. — a — T» — ceil, which illustrate the 

dependence of the transmission on the angle by^ 
r 4fteeMsr — of polar coordinates, the scale of the 
O representation being ^aceurat ety the same as that of 


^ Fig. 6, so that a comparison between Figs. 4q "^nd 7 - 

clearly shows w ^l^ iirg n degree — o*-^ dependent of 
^tte^^transmission on the angle - 1 r ^g 4- v p> n i r> tth -f* — caac 
the known electrooptical liquid crystal 
^ Vj, switching elements and J;h^t^as compared thereto! 

^ ' virtually no dependence of the transmissL4on on the 

angleJs^s=pi=esefi%" within a large area- ^n t]^ - ca - gQ of 
the electrooptical liquid crystal switching element 
according to the invention. 

The following detailed description of preferred embodiments 
of the invention refers initially to Figs. 1 and 2. Fig. 1 
shows a cross -section through an embodiment of an 
electrooptical liquid crystal switching element for direct- 
light mode in the assembled condition, while Fig. 2 
illustrates an exploded view of the individual parts of the 
same liquid crystal switching element which is reduced . in 
scale with respect to Fig. 1. Furthermore, the lower 
orientation layer and the lower insulating layer shown in 
1'/ Fig. 2 are outlined as plane layers in contrast to Fig. 1 for 
reasons of representation. 

-5^(^115^;^^^^ electrooptical liquid crystal switching element 1 for 
^''^'^irect-light mode as shown in Figs. 1 and 2 comprises a 


- 13 - 


liquid crystal layer 2 included between two substrates 3 and 
4 referred to below as lower and upper substrates 
corresponding to the drawing, even though they may adopt any 
position in practice* These substrates 3 and 4 are preferably 
glass substrates, however, they may also consist of other 
suitable transparent, preferably insulating, materials such 
as plastics. In addition, substrates 3 and 4 are preferably 
developed planely and in parallel with each other, so that 
the liquid crystal layer 2 is preferably a substantially 
plane or planar layer. 


In order to hold' the liquid crystal layer 2 with a 
predetermined alignment in the initial state within the 
liquid crystal switching element 1, it does not t)o^^e^^,^i^ 


oraer ^ i ' 
* oncj *" 


directly on the two substrates 3 and 4 but rather -on 
orientation - ioy^*^ ^^ono" ^ i-eaehr, which are referred to below 
as lower and upper orientation layers ^dtte — fee the drawing. 
The upper orientation layer 6 is directly applied to the 
upper substrate 4, whereas a field-generating structure 7 and 
optionally an insulating layer 8 are provided between the 
lower substrate 3 and the lower orientation layer 5, so that 
the field-generating structure 7, the insulating layer 8 and 
the lower orientation layer 5 are applied onto the lower 
substrate 3 in the above- indicated order. 



The field-generating structure 7 comprises strip or line-type 
electrodes 9 and 10 which extend in parallel with one another 
and in parallel with the liquid crystal layer 2. Here, the 
strip or line-type electrodes 9 alternate with the strip or 
line-type electrodes 10 as shown in Figs. 1 and 2. The strip 
or line-type electrodes 9 are connected to a differing 
electric potential with respect to the strip or line-type 
electrodes 10, so that one electric field each is generated 
between the strip or line-type electrodes 9 and 10, which has 
a field component oriented predominantly in parallel with the 
liquid crystal layer 2. For example, the strip or line-type 
electrodes 9 are connected to one electric pole of a voltage 
source 11, whereas the strip or line-type electrodes 10 are 
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connected to the other electric pole of this voltage source 
11, as shown in Fig, 2. Although the voltage source 11 is 
illustrated as a direct-current source on grounds of 
principle and in principle could also be such a direct- 
current source, an ac voltage source 11 is used in practice 
to avoid degradation of the liquid crystal layer and the 
difficulties which it implies. 

The strip or line-type electrodes 9 and 10 are developed in 
comb-like engagement in the same plane in the presently shown 
embodiment of the liquid crystal switching element 1, namely 
on the surface of an insulating base layer. 12, which may also 
be formed by the surface of substrate 3, in that the strip or 
line- type electrodes 9 are electrically connected with each 
other to give a first comb structure by a strip or line-type 
transverse electrode extending transversely, in particular 
perpendicularly, thereto and in that the strip or line-type 
electrodes 10 are electrically connected to each other to 
give a second comb structure by another strip or line-type 
transverse electrode extending transversely, in particular 
perpendicularly, thereto and in that furthermore the two comb 
structures are arranged in meshing engagement, as is 
illustrated especially well in Figs.. 2 and 3. 

Another possibility ,.j^^^^^ ^o\tfn x^thG »- f igu rLeLS^-^-e^-^^-tiie^ 
consists in that the strip or line-type electrodes 9 are 
arranged on the upper side of the insulating base layer 12, 
whereas the strip or line-type electrodes 10 are arranged on 
the lower side of the insulating base layer 12, or vice 
versa. In this case, the strip or line-type electrodes can be 
developed as simple parallel strips or lines, without comb- 
like structures becoming necessary. 

Furthermore, the liquid crystal switching element 1 shown in 
Figs. 1 and 2 also comprises a polarizer 15 on the outer side 
of the substrate 3 and an analyzer 16 on the outer side of 
substrate 4. Depending on the passage of light direction, 
;^plarizer and analyzer may also be exchanged. Finally, an 



- 15 - 


optical compensator 17 is provided between the polarizer 15 
and the substrate 3, This optical compensator 17 may also be 
arranged between the analyzer 16 and the substrate 4 instead. 

Fig. 3 shows a perspective view of an embodiment of an 
electrooptical liquid crystal switching element 18 for 
reflection mode in an exploded view of the individual parts 
of this liquid crystal switching element 18. It differs with 
respect to its outer design from the liquid crystal switching 
element 1 according to Figs. 1 and 2 only in that a reflector 
19 is provided instead of the analyzer 16 shown in Figs,. 1 
and 2, which in the present embodiment consists of a 
substrate 20, e.g. a glass substrate, and a reflection layer 
21 provided on the side of the substrate 20 facing the liquid 
crystal layer 2. Corresponding to this design the still 
remaining polarizer is simultaneously the analyzer and is 
therefore referred to as polarizer/analyzer 22 to 
differentiate it from that of Figs. 1 and 2. 

Another embodiment of an electrooptical switching element 28 
for reflection mode, which is shown in Fig. 4, differs from 
the electrooptical switching element 1 according to Figs. 1 
>\ and 2 e.g. in that a dielectric mirror 8a is provided, in 
7- [Figs. 1 and 2 instead of the insulating layer 8 . and-— the 
birefringent compensator 17 is optionally provided between 
substrate 4 and analyzer 16. An analyzer/polarizer 22 is 
provided as the analyzer 16, which then acts as a polarizer 
and analyzer, so that the polarizer 15 of Figs. 1 and 2 is 
dispensed with. This embodiment has the special advantage 
that neither the electrode structure 7 nor the substrate 3 
have to be transparent when the dielectric mirror 8a is 
provided between the liquid crystal 2, on the one hand, and 
the arrangement of electrode structure 7 and substrate 3, on 
the other hand, as shown in Fig. 4. In this case, the 
orientation layer 5 is located between the liquid crystal 2 
and the dielectric mirror 8a. The orientation layer 5 can 
also be a component of the dielectric mirror 8a. The 



7 can also be provided on the dielectric 



mirror 8a, particularly on its side facing the liquid crystal 
2. 


Furthermore, since the outer design of the liquid crystal 
switching element 18 and 28 is as for the rest equal to that 
of the liquid crystal switching element 1, the same reference 
numbers are used as in Figs, 1 and 2, so that reference is 
made to the corresponding explanations of Figs • 1 and 2 to 
avoid repetitions. 

T 1- nr i Tiz H^Piif , irrm^T^ M^! ri 1 1 " w ^4^h the inner design of 

the liquid crystal switching elements 1, 18 and 28, i.e, 
with the respective parameters of the liquid crystal layer, 
the orientation layers, the polarizers, the field-generating 
structure, etc., all of which are important for the operation 
of the liquid crystal switching element 1, 18 and 28. They 
are shown in the below Table 1 and contained in Figs. 2 and 3 
insofar as possible: 


Table 1 

The following parameters are used to describe preferred 
embodiments of the liquid crystal switching elements with 
respect to their physical development: 


J3, 



angle of twist of the liquid crystal 2 in its 
alignment in the initial state, i.e. angle 
between the director at substrate 3 or in the 
orientation layer 5 and the director at 
substrate 4 or in the orientation layer 6. 

angle^ of orientation of the electric field 
component oriented predominantly in parallel 
with the. liquid crystal layer 2, which is 
generated by the field-generating structxarfi/I^ 
to the preferred direction of the f SoIx^alQ ' 
jof -the liquid crystal . 2 , which have them 
in the alignment in the . initial state of the 
liquid crystal 2 on the layer side of the 
liquid crystal layer 2, which faces the field- 
generating structure 7, i.e. at the 
orientation layer 5; this angle equals the 
angle between the director at substrate 3 or 
in the orientation layer 5 and the normal to 
the longitudinal direction of the strip or 


n 


line-type electrodes 9, 10 in the plane of 
these strip or line-type electrodes. 


■ Q = pretilt angle which is included by the 

alignment in the initial state of the liquid 
crystal layer 2 at least on its layer side of 
the liquid crystal layer 2 facing the field- 
generating structure 7 and a plane in parallel 
with the liquid crystal layer 2, the alignment 
in the Initial state of the liquid crystal 
layer being here understoo^^^^to j^^jpe^n the 
preferred direction of the .jiiGieSixe axes of 
the liquid crystal 2 in the ali^iment in the 
initial state of the liquid crystal layer. 

= angle between the director at substrate 3 or 
in the orientation layer 5 and the 
transmitting direction of the polarizer 15 and 
the polarizer /analyzer 22, respectively. 

t'f ' = angle between the diE^efe- at substrate 3 or in 

the orientation layef" 5 and the transmitting 
direction of analyzer 16. 

[Y I = angle between the transmitting direction of 

polarizer and analyzer. 

d = thickness of the liquid crystal structure 2 

C^^^'i, = dielectric constant in parallel with and 

perpendicular to, respectively, the director 
. of the liquid crystal 

Ac 

CJ/\^ = dielectric anisotropy of the liquid crystal = 

difference between and i.e. ^C=Cm'^1) 

Pt ^o' ^e ^ i^^gul^ aao 3r£^i^guieHf", respectively, 

refractive in9ex of the liquid crystal 


r I 


wavelength of light 


n^-n^. 


Arrows 23 to 27 of Figs. 2 and 3 indicate preferred 
directions of the liquid crystal 2, the preferred direction 
at the orientation layer 5 being particularly outlined by 
arrow 23 and the preferred direction at the orientation layer 
6 being especially shown by arrow 27, while arrows 24, 25 and 
26 show preferred directions in the intermediate area, which 
are introduced to better illustrate the liquid crystal twist. 
The pretilt angle oo^ and the angle of orientation J3q are 


^^^^^ ^ 

^^'V^hown in Fig. 5, the x and y axes defining a plane extending 

^^ascherz % 
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in parallel with the liquid crystal layer 2, whereas the z 
axis extends perpendicularly to the liquid crystal layer 2, 
i.e. corresponds to the direction of thickness of the liquid 
crystal layer. The x and y axes correspond to the directions 
of width and length of the liquid crystal 2. 

Below Tables 2 and 3 give preferred initial conditions for 
the direct-light mode and the reflection mode, the initial 
condition being understood to mean the state present when no 
electric field is applied via the field-generating structure 
7. 
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Reference is now made to the fact that the statement made on 
the values of d xAn/7Las well as cC^ and J3q are ranges, i.e. 
that the two values provided with the sign > or < or > or < 
each indicate the two ranges, depending on the sign inclusive 
or exclusive of this limit. 


When the electrooptical liquid crystal switching element 1 or 
18 or 28 is used to vary the brightness and/or color of an 
image spot of an electrooptical display means, the respective 
liquid crystal switching element 1 or 18 according to Figs* 
1, 2 or 3 forms : a single image spot, so that a large 
plurality of such liquid crystal switching elements 1, 18 or 
28 are incorporated into a display screen. The substrates, 
the orientation layers, the polarizers, the analyzers and the 
polarizers/analyzers, respectively, the reflectors and the 
optical compensators, all of which are shown in Figs. 1 to 3 
as individual parts for reasons of representation, each form 
a component joint, preferably integral, for all image spots, 
whereas each individual image spot has a field-generating 
structure 7 of its own. If it is "^^^no comb structure of the 
kind shown in Figs. 1 to 3, this field-generating structure 
may also be composed of strip or line-type electrodes 
extending as a whole through the entire area of the 
electrooptical display means if it is controlled 
intersection-wise in ' corresponding manner, e.g. according to 
the time multiplex method. 

Preferred quantities for the liquid crystal elements are 
given below, which will apply in particular if the liquid 
crystal switching elements are used as image spots in an 
electrooptical display means: 

Thickness of the liquid crystal layer: ljUm to 10 /^m 

area size of the field-generating square having a 

structure corresponding to one image side length of 

spot: 10 />m to 1 mm 

distance between adjacent strip or 2 um to SO^m 

line-type electrodes: 

voltage between adjacent strip or i volt to 


TV 
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line-type electrodes in the case of 80 volts 

maximum contrast: 

Reference is made to the fact that the application of a 
polarization sheet, i»e, the polarizer/analyzer 22 in front 
of the reflective liquid crystal switching element 18 or 28, 
corresponds to parallel polarizers 15, 16 (i.e. an analyzer 
16 in parallel with the polarizer 15 in the transmitting 
direction). The use of a reflective liquid crystal switching 
element 18 or 28 in combination with a polarizing beam 
splitter (McNeille prism) corresponds to cross polarizers 15, 
16 in the transmissive liquid crystal switching element 1. 
This arrangement is especially suitable for great light- 
transmitting projector's. 

The function, particularly the optical behavior, of the 
above-described liquid crystal switching elements 1 and 18 as 
well as 28 was investigated by means of computer simulation 
and confirmed by experiments conducted with respect to 
correspondingly developed liquid crystal switching elements. 

The results of these investigations are shown in Figs. 6 and 
7. Fig. 8 illustrates the result of a comparative 
investigation made with a . TN liquid crystal switching 
element, i.e. a known liquid crystal switching element having 
a helical, and nematic liquid crystal. 

The- liquid crystal switching element on which the 
investigation result of Fig. 6 is based and which was 
designed .;^ars — according to Figs. 1 and 2 had the following 
design quantities: 


Thickness of the liquid crystal layer = 6.9//m 

dielectric anisotropy = -1.5 

optical path length d x An/7i = 0.865 

initial angle of twist R =0* 

angle of orientation =5' 


^V^oretilt angle = 5* 

> ^gle between polarizer and analyzer = 90* 
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The following explanatory statements have to be made on Figs* 
7 and 8, a comparison between which clearly shows the 
surprising properties of the electrooptical liquid crystal 
- switching element according to the invention over the 
formerly known liquid crystal switching elements: 

The angle of THETA is. the angle between the observation 
■^direction and the 'normal to the liquid crystal layer. The 
intensity of the transmission light is indicated on the axes 
of the polar coordinate presentation. The transmission is 
about 25 % for perpendicular pretilt. 

Reference is made to the fact that in the electrooptical 
switching element 1 according to Figs. 1 and 2. the 
orientation layer 6 and the substrate 4 may optionally be 
dispensed with when liquid crystalline polymers are used, for 
example. The embodiments of the electrooptical switching 
elements for inTf ro^on mode can be modified correspondingly. 
Therefore, the term "liquid crystal" also comprises liquid 
crystalline polymers or other liquid crystalline substances 
in the present description and claims. 

The liquid crystals used for the invention are preferably, 
however, by no means exclusively, nematic liquid crystals or 
nematic liquid crystalline polymers. 


